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(54) SEMICONDUCTOR ELEMENT AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture a semiconductor element that 
has high carrier density, low contact resistance to a p-side electrode, and high 
reliability by providing a fluorine compound on the surface of a III-V group 
compound semiconductor, by performing heat treatment, and by preventing the 
reduction of the concentration of hydrogen and the loss of nitrogen or the like. 
SOLUTION: First, a GaN substrate 10 is washed and arranged on a susceptor in 
the reaction container of an MOCVD device. Then, each of layers 1 1-15 of a 
nitride semiconductor is allowed to grow. A fluorine compound layer is 
formed. By a sputter device, for example, magnesium fluoride (MgF2) is 
deposited. After that, a wafer is taken out of the sputter device, is arranged in 
an annealing device, is heat-treated in a nitrogen atmosphere, and is cooled. 
Temperature for heat treatment is preferably set to 300°C. Then, the fluorine 
compound layer is eliminated. A p-side electrode 17 and an n-side electrode 18 
are formed, thus obtaining superior ohmic characteristics by providing each 
electrode. 
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(54) *MWI^Rt«-©»jfc5rfls 



(57) [S«J] 

mm] GaN^i-<D#a©ni-vMb^j*»* 
attiRXu Bt>*+y7«&*wu passions 

[fl&ifc^K] MOCVDffi&i*©^{Cj;0fPKSn 
fcm-Vi^t^J*«{*©^ffiK:7 ?3R{t£«9£& 

*©8^ffi£teiTc£fc£or*$igg©<g«£ 
SSSft<!:©^©K±*l5^afi!rri. III- 

©^Stc^'^^^A^i'OTK^tRS^ISIi^^lSb. ^ 




4. 

[b9#52] ffs37?5Wb£«Jtt. Ca.Mg.-.F 
, (0£x£ 1 ) . LaF,. G&F.ttckt. 
■?A (Me) . #;Ui"i>A (Ca) . fcy^A (K) . 

m (zn) . *r (sn) . ia (Pb) . *c»; y^A 

(Be) . ><y«>A (Ba) . *rn>*9A (S 
r) . (W) . *F3$A (Cd) . 

(Mn) . i*** (N i ) . ffl (Cu) . SR (A 
g) . X. XO (Xtt#±S5c5R> 
CU:«>7cX£7?g (F) tQil&HrCtoZCtZftWl 

[fs*^3 ] in- vmt&eiim#mzGTz>¥&# 

ni-vi«k^lM|£3lfWloaffl5K7 9£fk£tt££fiB 

3 o o'ctiiosaccte^rjgiAMi^ifrriet. 
mam - vs{tg«Mi^M©±ic«£&££'*'&x 
at. 

ni- V8ftteftf^MtB©±tc*aMtB£UU *»« 

WEm- V«Kt^«**(«IK»L-C 3 0 0 -ceLhO 
i^Kfctvt|jffi**8Ha^B©S^ft4&SJ: 5 

[%9J©ittS]&8ii9n 
[000 1] 

[bw©b«««&»] 

©WftftftcBt/. fttc. Bffli(W®cJ:9«RJ:«:« 

g<* e fc p am - viw k^waww)* * y rss* 

[0002] 

BivM£*tt*?#Ba3ti. JtBtbStirt'*. «*. 
tf. Btttf (GaN) . Bfc-f >^^A • 
A ( I nGaN) . Bft7*5i$A • #y-5A (A I 
GaN) . fitt-oe^A • TJUS-^A • #'J9A 
( 1 n A 1 G a N ) <c£©B<b«P*»*». 
l/-1f©$M44 0T:&@ShT<.>S. Sfb&^SIIttKJ: 

AMt, %?<*<?ts. 4'iHffist9$asasffl© 
7tiS4L-cW'f#$n-ci^. 
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[0 00 3] 

[»J#fltifel/J:9£'rMMl] l^Uc#e>. III- 

&4 i/TBitm^aiflstw^fcWfef'*^ 

ttfP*E*J*<&»). fcKpWa^frKfci^B-* 5 
<I&t4 ; &TtfSgB4&- 5 -a>*. «T. C© 

[0004] se*. fiS5i©p M<Dm<m*m&i®z 

) fcfttctt. pB7M«lAtF-^StiftJKUIl¥B#«B 
jRcf]-cri-;U , r*!^36 1 *-5ft:. ?ttt>%. MOCV 
D (Metal-organic Chanical Vapor Deposition) ffitC 
JrQBtift^ttfcOBl/fcBtft. l>fc*&a s -g r 

own©WSSTttpSGaN©*-»>yTffia«lS<. tS 
SatcS^ (N.) #H»S?©*8 (H) *£*fct># 

HS*Kfei>T 4 o o*ctt±Tr--;Hy. ^b«j*« 
(H) <#s#*-3;fc. 

[0005] t©«fc 9 &7--;M8BItU: "J . 
©*$j§K#ii&l>Lt:*S«:«fc5 pM F-^fo^ ? 
D S^c-J^3> (*i£&ft) a^3ftT**ft©«SUS 
fc#«<i>fS. *©tt*£t/C. g{b«j¥&fc£ffi<.>fc 
B%?" -f * tt 4'©86ff SEfcTtf * C 4 # pJifcfcfc o 
fc. 

[0006] 0frU»R*i&7----.>WIBffiK:J:^"t*JR 
£&£?ZtL#)K.imiCK7 0 0"CfcLh4l>5lSfi-C4> 
fc< 4M 0^«±^FTS£>S*»*Sfc». *B£W 
"Ctt < B4fcttr¥«H:«mn-«S4$aRrc* «BB 

(N) <>«B»6Mlftr«. ^©fe*4l/"C. 
{cgS©^«*5J:«)^<41**. *y>A (G 

o a) ft^oniBSEJMaxatraiiKWirr*. c©j; 
^^cVK7c^©^*fcttinai7c^©^a«. 
we^**4ft»)-*»T <. *+ yr*s?BS-rs**fc« 

[0007] S6tc. ^*J^i;a4 1 »£*©IHB6 
7cSR*lfflft L/TT f * 4 1/ r ffiffl l/t f 
■>A (Ms), *;;l>i^A (Ca)f©pSF-^>h 
#BBWW--< h^»B0"C, T**^* 4l/t©fPffl 

*itg*-rs44fc«: > ^36sts^*4^ia-rs4i> 

W 9IBflt>*ote. 

[0 00 8] S5R^^y?A©Xti«. Mg^>-> 
ya> (S i ) l|©pS!K-^>h^nSF-^>rS? 
^b^>i»?A (In) 3©!£t**«)fif *. *©tt»4 
LT. 1#(C. !?Htt£K*$<.>T8:it4gft&li}iS4& 

[0009] «±©J:9ttB*©WB*6. 7S-AK 

a^nffltctt-r 4-+5>ccss < -r s c 4 «ffi»-c* 

50 t?«. ffittB©*B*IM**B**«* ^*^) 



3 

fc. S£*©7--J^ffi«:J:-5-Ctt > Sit? 5 

[0010] C©<fc 5Kg£* t MttBJ^SfctCfc^Tffi 
fid© pgfcflS/cfcKtt. *J&*Bfc£-*-*fc«>tcg8 
*"C7 0 0 •CW±TT--Jl'aai"?.^>S* J *^ft:*«. 

tCii£Stt7i"fe7"* £ l,T©flUB#ifcbft?>fc». * 

♦ y7ffi&*js<-r*c£*$Btt-e*o. s<b«j¥iif* 
E©$T-i/jWf6ttro&t>©#Jgtt-c*ofc. 

[0 0 111**:. ±&l,fc«*©ISJHj£Ui. 
aifttcKfc-f. GaAs^I nP*&£©8*©Iii 
-vi^b£&¥«fc{c:fei>TfcP«(c£i;-a>fc. 

[0012] *#feWtt. ±82UfcgKi©B^SrJt»'C 
&3hfcfc©T?*9. ^©@Wfri4C6«. GaN 

&&*©&a©in-vMb^NK*«:*ji,>-c. swr 

**JR<Digg*<5«U -f>S^A*>#'J^A&<»f©II 

*+y7?eg**ru pwsffitoia-cfic^istt* 

[0 0 1 3 ] fcfc. *&JCfct,>T rg^!g)*3|«:j £ 
tt. B 1 In,Al,Ga; i ..-,-oN(0^xgl. 0£ 
y£l. 0£z£l. OSx + y + z^DOl 1 I - ' 

NKto*T*fcttNK:ftt'Cy> <P) *UHR (As) 
&£*£#■*-•&«&«>£&«>©£■*'*. 
[00 14] 

[Bss*J!?&-rs/c«>©*K] ±iaatt%afiS-r*fc 
«snfcni- v«fb«iiMiyww>«wc7 ?$<b£«» 

t«W. *©af^S*t6*C£KJ:^T*3?888:©ffi 

«<tgjR<t 4-©^tH©w±%p^(cajs-r 5 c 4 torn 

[00 1 5 3 *te**W«cJ:*i«. in-ViMb*«* 

(*©aS«c >^>s*)J»ti £'©*5B«iS5£JSl fcJfcljJt 1/ . 
if 5. 

[00 16] CC-C. #fclJB©3*U»SSJ&flSa&<!:U-C 

t*^©fc©A5*ifp>n4. 
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[0017] ( 1 ) ±IE1II- V«|{b^«5^«<*«. « 

{b«j*jS<*r4>sci. 

[00 18] (2) ±e7 7ft<kdtt». Ca.Mg... 

F, (0£x£ 1) . SfcttLaF,. GaF„ *fc 
«. -t^S^A (Mg) . (Ca) . *'J 

■5 A (K) . SI& (Zn) . fT" (Sn) . 88 (P 
b ) . < y 'J A ( B e ) . 'J 3 A ( B a ) . :U O 

>*-5A (Sr), (W) . # F 5 ■!> A 

(Cd) . -7>#> (Mn) . -v^W (N i ) . £ 
10 (Cu) . m (Aet) . X. XO (X«ft±S7C«) 
6S^§ti/c-«fel±©5c3R*SWf »JWbA«rc 
**C£. 

[0019] ( 3 ) 13137 9S<b6«^Jft8nfcWH 

r. in- vMb£^3os<*£(*# 300 -cfeLhciaa 
■ca&«ui3ft*c£. 

[0020] < 4 ) mm/uesmwc* wittatT** 
y cc«t o 7 9X<b6**ifcftr« c <t. 

[002 1 ] (5) WEIMfflifctfcU-ir*. W 

20 [ 0 0 2 2 ] ( 6 ) IWBni - VMIlG®m#<D3m 

K^5s?«j»Ateif©*j|jiawttit«». »&fl*fctt 

[0023] (7) 3>*i»Hg<!:&.&III-V»i{b£ 

gMNM*£Se<fc©fflK:7 9ftfb61N*Btt&c&. 
[0024] (8) ttEs:/»»HIKpa-C*Q. * 

iB7?3S<b£W:WMg. Ca. ZntfifflaZti-C^Z 

a. 

[0 02 5] (9) HI&ltE7 93R{b6 

!8jJSt©IBiC. Mg. Ca. Zn. Ni3E©£E#ii*J 

30 Kd*nri>*m-vWb^W*9W** I RW6*i"C«r» 
[0026] do) wma>*9Y-mtnmt<Dn 

«:. UiB7 9SR{b^JiF-/Ohi«£i^JBi©aB 

W*C£. 
[0027] 

[0028] <m©fS*S» 01 tt. *fS33©m 
40 ©*Sfi»J8(c^toi*3W*^©«IJi«:^8IlllSKffi0 

*fflt,>fc»jfcJR ; fC*'). nlGaNSKl 0©±JC. 
nSA 1 GaN*?9 FBI 2. InGaNfittJSl 
3. pSSA lGaNf?? FIB 1 4. pIGaN3>$ 
2 hill 5*iC©«BtCffi)iSnri»S. 8fil0 
©SWJCC«. nSSGaNaVi'i'Hil l*5St®3n 

[0029]3?>{C. pI3>$? HI 5©±tcp« 
Sffil7*«»we>n. n§S3>^^Hl l©gEWKc 
50 ttnfflWSffil 8*»t8We>tir(,>*. C*ae>©*3H**-T- 



(4) 

5 

[ 0 0 3 0 ] 0 2 tt, **M<0*a«**-T-<DHJi*ffi* 
*»#^KttB£5& (MOCVDS) K<fcOSSfii* 

HM^tfy^A (tmg) . hyy^^-f^y^A 

(TMI), r yy^7il/5--JA (TMA) 

*~7 (NH a ) . pfflF-^>hil/rtttrX5/^ia 
^>£^x;^l,vy*S^A (Cp,Mg) nfflF-x 
>h£bX\ti/7> (S i H,) ***i«WBl^ 
y7*/X4LT** (H,) 4g* (N,) *m^Z>C£ 

[003 n sr, H2 (a) icTfibtcxstc. s^as 

Is* MOCVD«©Kfc8W01^7*±«cBM" 

«£<«ft<D&M 11-15 tawr*. 
[0 03 2] 02 (b) CC7nL/cJ:^CC, 

fk^4mi e*jRiS-r*. nwwctt, ¥«mioaA 

^ <Jx-^*MOCVD*SB36»6KOBlb 
<fc<K Wittf^^ft^y+V-JA (Mg F 2 ) *1 On 

W*(WB1WUE41/*CB. 3 0 0T;Jt^C**C<!:# 

[0033] mmvu&z. m^o 

[0 0 3 4] m»m8t®V*-nVcr>\,*X* SIMS 
(secondary ion mass spectroscopy : 2&-f 4*>ftfi 

* (H) ©WEtWEUfciC** ¥*Wli*3©**<S 

1 0 ,7 cm" J "C*o/Co 8E*<D7--^;frttCCj: 
*»£©**»»*. ixi0"cm- , t*0, */c* 
*U7«ttttl x 1 0 lf cm- 3 "C$>o/c. #* 

9»c se*<fc o t>*w*iB*©**affi* i / 1 

OKHEUU *+y7«tt*l OfgCCiS^^Ci^Tt 
£ 0 7n^-)A(Mg) K-^3hfcGaN=J 

5©«»fi!a**«Sl/fciC5. lQc 
mfirF"C*r>fc. 

[0 03 5]tt*J, 7?*{b£«MgF a ©»3*:0. 
2Mma±it4i. 7^-^*L"Cfe*«»«ffi©« 
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1 n mttT«cr*i7--iWft©»ffi©«««tStt 

WWSSttl nm*60. 2 MmHg-C*£<t#A6ft 
3. 

[0036]**:. 7 ?*{t^0>&90>£tt». 

10 *1 tfm8*©»Sr*BfcRtffct«C. HF3&©®* 
MXTfr* "J 1 -2^ffflggSUr*J^«S^o 
[0 03 7] 02 (c) CCTnLfci:^^:, 7?* 

[0 03 8] *i/t* 02 (d) C£^Uc<fc5K:, pffl 
Sffi 1 7 <t nffilimffi 1 8 *»SW *„ 
[0 03 9] COJ:5«:ur*ti**i©««*Rtffci 

[0040] ±E7 ?*fb£«3Ji 1 6©MJf **»l>i§£ 
tt. pffifl^S 1 7 ^nlli 1 8 tttx^txv ?*<b£ 
20 Ml 1 6©±fcJftSl/rfc t jSttf ft*-5 9 ^tttt*ff 

[0 04 1 ] L*U 7?*{b£WIl 8JWWr>»£ 
£©fcft«C % 02 (c) CCthO/c 

7?*{t«imi6«H^ a r&. 

<hLT«, 02 (b) KWLTWabfc7-->l4MW: 
0fe*^Wt«:flai/"C7y*ft^«lt»»L. 7?I 

30 ^ft^o^ffitcpSK-^vh-ci^v^i/ 

(Mg)^fc^ C0[>±Ccmei7, 18*$ 

[0 04 2] *fc. 7»*ft^«fe**4ftA©M!> 
£&&l/CK. KSfcK7A'*y (NaOHfti*) 

[0 04 3] #fH8lC<fctitf, 7^*{t^ll6 4* 
SW©ftffi«ci68IL , C7--ii/*llrrcfcK:j:»).' 
#*(D7K*igS^^«:<5TS^ *ty7«K*» 

40 *cc«in-r*ci*-c#a. c©<fc^^, 7^*{fc^g3 
ai e*H»aci«cj:D^#jBiti©**jM3W* 

*i*a4ibTB, WT©fc©^#^.?>^4. 

[0044] sr. 7y*<t^WBi6©»accj:o 
A6n-5 0 rtttoft. **««*cc*&sn5**B, 

ft3 0 0-^3 5 0*CW±OSBffiK*sl»'Ctt, m-VR 
50 #^>-> + ^*«»lsE3nTto<5. **^M-««cRaH-& 



tic**). *«{*)B©*B!j<^>->i'^i5Tl/. 

[0 04 5] S/c. 7v$Ht&&l13l 6<D&&tCJ:r> 
T. *»(*1*©*JRM^ (H) #*JR#* (Hi) (c 
t§£b^r<&*C<!:**t*.e>ft*. T&*>%. 

c *a«*)s©w«ci»8i-rsi© 

(ctt. (H.) tftS-i®*!**. ccc. V 

[0046] 7?ffll£®mi 6©SS«:<f:o 

T. ^{*H©«DducJR-C*2»SJR (N) & £*©?£$© 

^*w$flsn*ci*i^^6>n*. «e*© 

{CgJR^t'©«fiS7c3Rfcll»l8L.-C^«*4D-CI,>ft:. C 

H»*c<b(c«toT. *j&©i»i3tw:ffiji<**i. s 

* (N) ttf©fl»fi5o7C«©Iftiailift)SII3n5Ci*si6jlJ 
Shi. XmHOs^xm^Z-? 9 $Ut&tom 
16tt. *i£{*JB*>&*$©#*^W«:ttttiStf> * 

©f6©7csR©KfSiwai±i-S7 y ji/*w&fpfl!**rr* 

[0 04 7] fcU3¥&0fc.*5&>#-XAK:<fc»). # 
Xipt>7--)l>-r iCtKiot, 3U«*l*©*J&ig 

©g^£jt^^7--;K^4lfc8l/T«&T4>fc 
< . SSlfflJBtcfcW SpI+t'J 7©8f£*#$(cfc < 
"Tie 

[0048] *«WtC<k 0 >fc¥i»#5frf-£ff 
tt. ^«W*S£*^&4mKS*^&l>fc«>. <BSE 
ttfrr*fl»TCtt<. «*«K*lS»©5ffiSS*-C% 
<&9. 0*>fc. dSltt##«(CifK ft*. 

[ 0 0 4 9 ] SfSStJBSStcfci^Ttt. r? ?mt 

4>. Ca,Mg,..F, (O^x^l) . ?W 

(Mg) . *;l^A (Ca) . #'J$A 
(K) . ffiffi (Zn) . t-T (Sn) . S3 (Pb) . *< 
•J'JfAfBe), ^'J')i(Ba), X FO^A 
(Sr), (W) . (La) . * 

F5$A (Cd) . (Mn) . i)W (N 

i ) . m (Cu) . n (Ag) . x. xo <xb*±sh 

[0 0 5 0 ] ^ttWCCtt. CaF„ G a F, . 
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MnF„ LaF„ BeF,. SrF,. BaF„ X 
F,. XOF, CdF,. ZnF,. KCuF,. K.Ni 
F,. K.CuF,. K t N i F«. A g F (CCT, Xtt 
#±S7cJR*£T) ft£©SW7 ?<b&*. Ca, N. 
BN. SrN. Ba.N,. Zn,N a . AIN. LaN, 
XN (X«#±5Stc«) . TiN, T i,..V.N. W, 
N. MnN.tteo&jUMMft*. Cti6©ffi»Ott* 
£fcttr*^Tfc|B]8©&£*8*C4*i-C**. * 

fc. -e©f&{c4> t 9 {bfft>7 ?^UHMrc<>A 

10 

[005 1 ] ftXtt^Cfeti-tttGaNSfi* 

*tt3AVCH#01l<C7 »JWfcd*Mi 1 6 £0fiXf&C 

tt. ?7W7>^ISflrC*SC4a>&. K"ffll©#«:7 
9 KKt&toWmtitt+ftXb *. 
[ 0 0 5 2 ] fcfc. 7 9*<k6MI 1 6tcS**VCt>fc 

7»* <f> ». ¥*fcl©rtSSK:8:»rr*ig£fc* 
S. $#69!*#S IMSKJ:9^l/fltiJftCC*C»r 
20 4>> 3>££ FIB 1 1 . 1 5©rt6MCteC>T. *&S© 

[0053] (m<»mmfcmmmucm\%Mw>i& 

•C7 ? tftttMl 648)80. 7 5 0'CKtel<»-C7- 

-iH/fc. cn«:*tLT. 44mmi(c«)C»rtt. c© 

30 [ 0 0 5 4 3 la 3 «. #*l©SfiSKtSifcS¥S!«*S&*© 

X. 2 1&U— !f. -y^d'DigSEfcttSTSfti*©* 
ait. 2 2»$$Rt;££#lg. 2 3»A»m 2 4« 
JlKIS. 2 5B«ffii-r-S'?x-''\ 2 6»^x-^f- 

-j?**n-enjS-f. cc-c. >)*-a2 58. ia2 

(b) KMnvl/A:J:9(c. ^{*H©*fflK7 7 JR{b^ 
Mil 6*i^fiS3h/cfc©*^-r. fiTFOttgri*. ■ 
2(b) tC^Lfc«JS©fc©*0«C^lfi. 

[0055] 36JS2 1 3{pe>ttU$la* U— !T**»C>* 
40 JI&ORft&l/'Ctt. ^y*5">A (Mg) 
SRt©«^*^»-rSte«)K:£»S«cffi14{bi*Ji' ! t f - 

(Ib2. 2eV) K«af**ft*W*C4#"Ct 

MgA^TkSR^fSf-TiCttCJ:*). 7«HsVjr4br 
rittfbSttS. 

[0056] *«W#©3IKK: J:fttf . 200 mW/ c 

m'cfiswafe-c^i o^iac^^'&^f-jfcic^. 

■5*-^2 5©pS3>*1' FIB 1 5©*£?SK£SI 1 
H«S^!SJ:0fc$6«:(ST3^. 5xi0"cB-'it 
50 iCbftXStc. C0>&%tLX. pgf+ + '>l7?BS* 
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8 1 m&B1& <fc *) £ 6 K <fc 0 fcS < 1 6 C 1 1fi pjfig t 

5x l O^cm-'ttiCtffiVittc. 
[0057] -H. 3fciS2 1 ifih. U-1f3K©f^t)0 
K. ^(*B*K&W3ft**5R-g33S£ (H-N) 
©X|-U7?-*-K©J^H>&v = (3400±100) 
cm-'. ?tj:t>%i8.]e#}3 nmOvJ 9V& (mm) 

"CSS. C©«fc^(CLT*^i^i*^f--riC<!:K: 10 
¥&<**©g$#Vfii7^£UT©*8T{lEK:R 

©#yfc3&$*5Si*eciSST*. 
[005 8] Sfctc. »2 lfrfcS^BteJSWbTfc 

h £*££©&£*>. *3tiVBOTjR£©«S£*£{§-f 
[0059] fcte. _t8LfcU—!f#. Wfajfofc* 20 

trass* 

[0 06 0] tnae>©n3*©&tt, H2(cBq(/rff&b 

[006 1] ^®£9eLT86ftfc$aM*m»* 

* >; -mgjws < . ntcmmm-tttt s 
tit, &m®x&iwtj:{.>ttmmmmiW£ifi 

[0 06 2] (mamm) H4«. $^©I3 
©*tt^ffi«:«to4*»ftSR^©S^^tt4^«fca:H 
•C*S. 8?aSl/fc8 imMHC«)C>r». 02 (b) 

7?SHb£«aBl 6*8BWc. *HJ6JfcSK:te<,>T 
tt. C©7?5Rfb£«JBl 6©±K3?>Ct, ^y-jA 
&£0)MHUK&HII4 1-tttSL. IgESrEPfln-f 
[0063] H4CC*jl>-CB. 1 )x-^40iLTnS 40 
GaNB4 1. niA lGaN977 KB 4 2. InG 
aNS14JB43. p?gA lGaN>77 KB 4 4 . pi 
GaN=i>*? HS4 5*tai§nfcfc©*0!l^L//c. 
p£:a>* * hB4 5©&ffi«C«. 7 ?&fb£<BJB 1 6 

P>«C. C©7 ?£{b£$B 1 6©±ec^-7^0Ali4 6 
jW&O. 1 wm©Jf StdSISSfiTt**. ><?y$AR 
4 6tt. W*.tt\ X/x--^ffi^S^f-A^g^ii£-© 

[0064] /<9S>fA»W*tfShfeJ«lf£5 50 
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*HIJ©n<IJGaNB4 1 tCtSfii4 7 *l/ 
r. Sffi4 7KjE©SE£M*fc#64 0 0*C{C*5<,>-C 

^sr^-n^T^. as4 7 tcEittD-rstiEB. w 

A-7i>^AK4 6(CWbT+2 0Vgg£-r*C 

[ 0 0 6 5 ] t ©J: 5 KSEfcEPJjDT *©tt. ¥i§<Wf 
ctSWSftfc^a K> (H*) tt©*jR£«IWcJ:g>* 
5i^AR4 6©;£fa(c3i£SttS/ci*r*s. 

■^AR4 6{CMofti^nh>tt. AC^i^AORrtiOR 

iStstts. c©xgK4aw*r--;i'©jag£L-ctt t 

3 0 0 < CELtC* & C £#3* C©iSa«±-C 

[0066 3 *fc. pSj3>$»i> FB4 5£A7y^A 
&4 6 £©ia«C7 ?SR{b£«JB 1 efcSWStitcj: 
0. miBW«KHl/Cira*0fcJ:9K. a>*i>K 
B4 5©SIE*^>W**Ttf'Cynh> (H*) 4 
/<9S?f AJl4 6«:rtI»'Cttia«<«»r<"C**. fc/c 
U 7 9jMk«Wl 6*R»r«:. 3>**KB45 

earner 9s?9jju 6*ft.iftRttrt>jfti>. 

[0067 3 *^W^©HKK <fctltt\ H4©«fiXrm 
EiEfflmi/tT--^ 3>£i>KB4 5K:£W3*x 
S*38^£S IMStCAOil^fciC*.. 5X10" 
cm-'TtD. tt&l/fdftlJtiimi:9fe£6iCTtf 
6tl*C£*ftb>!Po/c. S/c. pS* + ';7©ieS<>5 

xio-cm-'i. mimmmj:*)ii,m<fictifi 

Vfttc. 

1 0 0 6 8 3 7 9 *{b^B 1 6 *Sltf (C. 3 
> * * h @ 4 5 ©SffiCC/* 7 5? ■> A|g 4 6 *a»KWfc 

* h B 4 5 tCitWS ti S*5S«S«: S I M S (C J: »3 88^ 
fc£C^. 1 x 1 0" cm-'-C*!). l5^U/c8lHJS 
^®£H^©iSS*-CTlf6nSC<!:*Jt>*ofc. * 

fc. pffl*+';T©afSt> i x i o" cm-'i. jem 

[00693 «±©i 9K (,?»^<&HM|£Wtl** * 

S£. »*B©^^«cl^»*^Bte^fil^*J?« 

[00703 ±i£L^{*t«Cc43l»-ClJ:. 
^BB4 6©ttt4£ U^^y'JAtffli'fcA 5 . cn 
l»W-CCfc. y*ai^A (Z r) jM4KRM& 

^. »y-VJ* (Hf ) ^*SKja^-3fe. S±SS*^ 

[007 1] yjl/3-^A ( Z r ) ***gtM6&& 1/ 
Ttt. Zr-V, Zr-Cr. Zr-Fe- 

V. Zr-Ti-Fe. Zr-Co. Zr-Cu«t£* 
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[0072] (Hf ) mfcmwMs&tbx 

«> m«. Hf-Mn. Hf-Fe. Hf-Co. H 
f-Ni. Hf-Cu, H f -Rhfci'£*tf*C£# 

[ o o 7 3 j *±s***Ra£&£ ox\t, «*.«. 

Th-Al, U-Fe, Ce-Co, Ce-Nifti'% 

[0074] -f ?h'J *)h- (Y) ?M<J&&J8£££l,T 
tt. «*.«. Y-F e*fl«Ct*lttS. 10 
[0 07 5] (»4©HS6^) H5-07tt. 
fc#&9J©ffS4 ©*J6^tcfcto*¥3M*£*£3*-r IS 

$?H52, nIAlGaNi'7>Fi53 < nSG 
aN#-n-*JI54. I nGaNr£fflI55. pIGaN 
H ■< FM 5 6 > pSAlGaNl'7»KI5 7. pMG 
aNH58. p'§aGaN:3>£*HI5 9j!>*C©JIBtC 

mstitcmsLZGtz. cc-c. rsttussw;. 20 

©g&S28S©I nGaNJBfcgStcSJBl/fc^SS 
(multiple-quantum well : MQW) §2**££l/ 

[0 07 6] <*?>«:. E5©¥«{*SR*fC*$l>-Ctt. 3 

16 i#M3tvci>*. -eot. pflHesini 
sg6 6 4*s*n-en»fissn-ci,>4. c©j:5k:7 7 

99ttNi(<:H(/rit)fiLA:J:9ic. *5R©8tHi*(©i 
b. m%£®^*JMrr&C&tf-C&S. 3*>K:. 30 
*&M9*ttk:J:tit2. 7 vM^Bi6 1 6R£«-rtc 
HB5 9©^ffiK:g|-rci<!:^-Ct^©-C. x 
^ ?>y«c«t 0*«(*©^DiK:a®*5})Ptoi>C«fci& 

[0077] CC-C. 77${b£i&JJI6 10N*£l>'C 
tt. 5~5 0 0nm©KHi-r^Ci*5M*U^„ jg& 
*5Cti«fc0fe»t»i*SR©ftffi*ffljily. £$££*©£ 

#Cti<fcD«>JSlr>£. «S«>4--S?»3>a>j'hAH- 
#tcSgSlC*&<&Srt>6-ca-&. 40 
[0 07 8) -3f. H6®4E«<HR?fC4ik>'C». 3> 
MB 5 9©±(C. &IBIB6 0. MgF,a>6&S7 

65inlttB6 i#*h**lJB«3tlTl>S. CC 
■C. £|RIB6 0©tm<L UTtt. m«. t^S/'JA 
(Mg) . (Ca) . ffiifl.(Zn) 

l>iC4*!T?S. -e©JBJ?«. lOOnmlfg 
tt^CtifiViti. 4fc. 7 vMt&famG l©ttf4 
iUBMgF, fr£'£ffll,>SC 

[0 07 9] £R®6 0tt. 7 73R{b£4JjB6 1 fcffifi 50 
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£r*>. 7 7jRfk^«iic-7^s/^A (Mg) . 
■7A (Ca) . MS (Zn) &£*£M5BM:K-t:> 
yi/tTpSffc-rSCitC^oT. 3>>fH«Stftj|i 
TSC SfctC. n>£i> HB5 9©3ffitt 

[0 08 01-*. H7©*«(*5R^-«:fcO-C« 1 3> 

**na5 9©±«:. &Mii&7 9*{te«Ji&'fc&£ 

(cMUfc8ttTO6 2#KH6*TCb»S. CC?, £ 
JBJB iLTtt. «it«. v^i/^A (Mg) . 
9A (Ca) . SIS (Zn) &£'£Jll,>*Ci#-CS. 
^^M^iiUttt. ffULUC MgF.fcffll^C 

*C 8ft?*a&Lfci§& 

tt. *«<*^Kam=&?f-7/cJi^«:3>$^n©^ 

[0 08 1 ] H5HB7Kflffil/M£*ft*Kt. l»T 
tife7 9gMb£WI*JMIt/fcttft?»8 0 O'Ctcte^ 
TTi-JW*tfi.». *5R*ttffl S 7 *?S14<b 

8*4. C©J:«lt»fc*Wttt«. l>-fft©i§ 
pS3>**bJS5 9«:*$W4p3?* + , J7ffiK 
#5 x l 0" c m-'feUb-ca*. 7i-«i©«. € 

•5. 

[0082] (*5 ©HJ&fcS) H8 tt. #3BB©IS5 

-ca*. 

[0083] *H»^®tC*Jlr>rtt. ^^©StffitCM 
g F 2 ft <t*©7 5 n mgg©^? «K L 

fc©5. «<DKD%I/— tf*KJ:»)0Ta©Air->Kia 
WS. "Tfttofe. 0H(cSl//cJ:^(c. u-lf7aS8 

iCC^fJSSJtR* • «*3nt^*-«8 4©^ffiCCM 
CCTr-)*-«84B. *i*d«IiC7 ? 

IfC&B^-A&KJCO^Ttt. S2IIJS»18{C8IIL 
TS!ra«tfcfc©i0®<fr5Ci*J-C*i. */c. tf- 
A©RSSiK#or. «5*-^f—i?8 5*^-1/ "O* 
-^8 4«MMLr^AC>. 

[0084] 0fS©^ , a'->^t*;K:U-!f^«rRS34b/c 

awe. -j*-^«i©7 9*{bA«itasi»*'j-*. * 

or. c©«ffltce^ (Pt) . > (Ti) . ^ 
(Au) %£]»>6tt&«S«K»&. fcfc'U ^4jliS 

/c «fc ^ K 7 7 jRf t^«! i *«i*H t ©ffltc K - > h i 



(8) 

13 

[0085] *5gSSJBSSCCJ:tiK. u-lf^MW^n 
oglKfl5$T4C£#>iJfEtt&4. *fc. 08K*$t,i 

. & 2 Uteffagfcra ur«r^ ufc J; 5 icm^mzmsi 
LT*>Jil>. H*ta©»£«:tt. u-tf*<J:»)4><t»)^ 
- as*sb& o r ffiffitcjtSEI- 4 c t an-JtB <t & 4. 

[0086] fcLt *#«t#IHb-3'a*»l!09Slt© 

0jKIK£Sti4fc©-Ctt&t». Wit«. HSiOrfflO 
* Citf-CS £ fc©tt. BJaL/cGaN^i^y YT«C 
KSSnr. ^©ffeKfc. «*tf. MgO. 
ScAlMgO,, LaSrGaO,, (LaSr) (A 
1 Ta) 0,&f caKHttSfi4>. S i C. Si. Ga 
A s &i'©«SttSSt^fiMcffll.»-C^n-etl©«l*?r 
CCT. ScAlMg0 4 S«©ii 
^CB, (OOOl)E. (LaSr) (AlTa)O 
,««©*§££« (111) ffi*ffl^SC£*J||*U 

[0087]$fc, ¥<WHR70tKfi«>. SJ&l/fcf&fc 

*. #4*-F&£'&a©3^TSfcttm^-s^KK8 

CtjfifflUTI38©$&S£'#*C £#"CS4. 
[ 0 0 8 8 ] S *?MHK. tt&lrfcBflft^Vtt 

{cE3£sn-r. -e©teKfeMocvDffi&£*©MffifiXfi 

<b6i&-rs-r^-c©{b^g)*«i*Koi,»-c0ttK:fiffl u 
■C0^©»**»*C£*J* T-S4. c©<fc5&fl;£ft 
^»ft£Ortt. mtf. Ga A s . AlGaAs. I 
nGaAs. InGaAlP. InGaAsP, GaA 
1 P. Ga P, 1 n PtC i' ©&a©III- Vffit&&ft 

[0089] 

{tfMNKtft £-©&8©iii- V«Hb£«tfy»*©aiE 
£!8Wt7--;l'T4C£K:<i:o-C. ¥3i#t£©*S8?g 

[0 09 0] C©<fc V.c¥S#K«ffi*JBJifrr4C<tK: 
<fc <0 Mftt * - S Jg84*{#4 C £ Air i* 4. 
[0 09 1 ] */c**^CCj:*itf. Ill-Vgtfb^* 
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3«*©«ffl(c:7 »j&{b£«!*HW. u-tf#. von 
tt. Sfc»*?B£jlMtt'&fr. */c«III-V&{b£ 

r*fttcm©SE£iMi/&#67~--->i'-r4c tcct 

*£f#4t£#njffi£&4. 

[0092] -T&toS. *»WCC .fctlK. 7 ^{b^ 

*^b^j*«{*©±{caw r*> 6 7- - Ji/t 4 c t tc <k 
4. <*?>«:. gfb&¥»#*©^:Wi#S£*©7--- 

JK£ft£tb©l,TtBtf>-c4>tr<. O&intcfettSpS 
* + 'J 7©?&K*#&(Citi < * 4 C £ #r 1 4. 
[0093] 4^fC£9j&MMI*?*ft&«d<C 

MFfZm-iVtji< . «5t»K*ifi£3fc©5{&ga*-C?S 
[HBOMUMM!!] 

[01] *§m<Dm 1 ©*«9l5fi§K:&to4 ¥«{*§&■?•© 

[02] *|^©*3W*^^©M3S*S*^-rSEBSIg 
»fflH-C*4. 

[03] *HifiB^{C»t)4^«:^^©l?J6^«:Si 

wr4fc»©mia-c*4. 

[04] #3&9i©£ 3 GgfWflMCff fc*43Mtift?® 

[05 3 *^©»4©HiBgSSK:^to4^^W*^* 
^1-«KBrffi0t?*4. 

[06] *%^©®4©*it^S§tc^to4¥l!ft^* 
3|-f«H8&ffi0T-ab4. 

[07] 4^<DJB4®X^Slcffito«^W4«f« 

«-r«B5KM0r*4. 

[08] #3^©S85©Sim®«t&fe4^#ai^© 
KJS*tt*^-r«lfci;0-C* 4. 
[W^©S»^] 

10 GaNI^(niGaN) 
11.52 nSGaNa^JJH 
12.42.53 nMAlGaN???!-*! 
13. 4 3 . 5 5 I nGaN-MQWr£ltJi 
14.44.57 pSAlGaN^77KI 

1 5.45.59 pIGaN3>$?HS 
16 7 7$ffc£4!l (MgCaF2) 

17.65 p9*fi (Pd£&. SftittPt. Ti. 

18.66 n551ffi(AL Ti, Au^) 

2 i u-trasE 

2 2 U>X 
2 3^. 
2 4 

25 ^x-^ 
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26 ^x-^Xf-^ 

4 1 nSGaNB 

4 6 fc&wM£j%m 

5 1 yVrJTWfc 
54,5 6 GaN^V I 

6 o &mm 

6i wmt&tom 
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*62 tmi- 
8i ytm 



82 
83 



^ -7 — 



8 4 

8 5 ^wuf-i; 



l® 2) 



[H3] 




—24 



— 26 
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[H8] 



-81 



* ^-84 



-85 



F £ - A (#^) 5F041 AA21 AA44 CA04 CA05 CA22 
CA40 CA65 CA73 CA77 CA99 
5F073 AA45 AA51 AA74 CA07 CB19 
OM5 DU6 DA17 DA30 CA35 
EA29 



[137] 




